ABSTRACT OBJECTIVES This study sought to perform a randomized noninferiority trial of radiation exposure during cardiac catheterization comparing femoral access (FA) with left radial access (LRA) and right radial access (RRA).
increased radiation exposure with TRA may discourage some operators from adopting TRA, which has been shown to reduce access site bleeding and major vascular complications, is preferred by patients, and is costeffective compared with TFA (5) (6) (7) (8) . Because operator proficiency with TRA has been shown to be associated with radiation exposure (9) , whether the results of several observational as well as randomized studies are explained by variation in operator experience with TRA is unknown. In addition, most studies have not distinguished between left and right radial access sites despite the fact that these 2 radial access sites have differential impacts on radiation exposure and procedure time (10) .
There is no prospective randomized study comparing femoral access (FA) to left radial access (LRA), and right radial access (RRA) with respect to radiation exposure to patients and operators. Accordingly, we performed a randomized trial comparing these 3 access site approaches involving operators with varying degrees of proficiency with RRA and LRA as well as TFA.
METHODS
PATIENT POPULATION. Adult patients (age >18 years) referred for cardiac catheterization at a tertiary care center in India involving 5 operators were randomized to FA, LRA, or RRA. Inclusion and exclusion criteria are outlined in Table 1 . A 1:1:1 randomization schedule was used, using a sequentially numbered opaque sealed envelope method (11) . The local ethics committee approved the study. All patients provided written informed consent per hospital protocol. O p e r a t o r r a d i a t i o n e x p o s u r e . Operator radiation exposure was measured using a wearable personal dosimeter using ion-chamber technology (Instadose, Mirion Technologies, Irvine, California), worn outside the lead apron, in the trunk pocket, by the operator. Operator Pancholy et al.
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dose was recorded at the termination of the procedure.
Measurements were expressed in millirem (mrem).
O p e r a t o r e x p e r i e n c e d a t a . Data on operator experience in performing transradial procedures were collected. Operator experience was categorized as S t a t i s t i c a l a n a l y s i s a n d s a m p l e s i z e c a l c u l a t i o n .
Sample size calculation was performed using 1-way analysis of variance to detect differences in the pri- The screening, exclusion, and randomization process for the REVERE trial is shown. CABG ¼ coronary artery bypass graft. 
Values are median (interquartile range) or n (%).
DAP ¼ dose-area product.
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Vascular Access and Radiation Exposure was deemed sufficient to detect a mean difference in AK of 40 mGy between the closest groups (in this analysis, FA and RRA).
Kolmogorov-Smirnov analysis was performed to evaluate the distribution of each variable that was analyzed. Categorical variables were analyzed using chi-square test, and continuous variables were analyzed using analysis of variance for normally distributed variables and Kruskal-Wallis test for variables with distributions that were not normal. Hierarchical linear regression was used to identify independent predictors of AK, entering control variables found to be significantly associated with AK on univariate analysis in the first stratum, and operator experience as an independent variable in the second stratum. Primary and secondary endpoints were compared across the groups using an intent-to-treat analysis. A pre-specified analysis of the 3 access site cohorts was planned to study the association of procedural variables, operator experience, and primary outcome variable AK in these subcohorts. A separate analysis of association between AK and operator experience was performed in the femoral cohort.
All analyses were performed using SPSS software (version 17.0, SPSS Inc., Chicago, Illinois).
RESULTS STUDY SAMPLE AND BASELINE CHARACTERISTICS.
Between Figure 1 . Demographic, procedural, and radiation variables comparing the 3 groups are shown in Table 2 . No significant difference in age, height, and weight was found among the 3 groups. No significant differences were noted in dose-area product (DAP) measurements among the 3 access sites. Abbreviations as in Figure 2 .
had their procedure completed using a single cath- (Figures 3 and 4) . Patient and procedural characteristics categorized by operator experience are shown in Table 3 . There LRA was associated with a significantly higher operator radiation exposure than were FA and RRA, which were not statistically different. Abbreviations as in Figure 2 .
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Pancholy et al. Similar findings with operator experience and 
Values are median (interquartile range) or n (%), unless otherwise indicated.
DAP ¼ Dose-area product. AK was significantly lower in the "high-experience" group of operators (>1,000 transradial procedures) than in the "medium-experience" group (500 to 1,000 transradial procedures), and those in the medium experience group had lower AK than did the "low experience" (100 to 500 transradial procedures) group. Abbreviations as in Figure 2 .
Pancholy et al. were not randomized on the basis of operator experience. Finally, the FT observed in our study is significantly shorter than that in previous reports.
These observations could be explained by the experienced operator mix in this study, as well as a younger cohort of study patients than in previous reports, likely associated with less subclavian tortuosity and other adverse anatomic attributes than in In the femoral cohort, a similar finding as for the entire cohort was noted. AK was significantly lower in the "high-experience" group of operators (>1,000 transradial procedures) than in the "medium-experience" group (500 to 1,000 transradial procedures), and those in the medium-experience group had lower AK than those in the "low-experience" (100 to 500 transradial procedures) group. Abbreviations as in Figure 2 .
Vascular Access and Radiation Exposure previously reported datasets. The patients in our cohort were younger and weighed less than a typical Western patient, hence the lower radiation exposure, which may have attenuated the differences among the access sites. The very low crossover rate in our trial compared with that of previous reports may be a result of a highly skilled operator mix, and the "emigrative selection bias" introduced by exclusion of ad hoc PCI. Exclusion of PCI patients might also partly explain some of the discrepancy between our findings and previous randomized trials. 
CONCLUSIONS
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